Introduction
============

Endoscopic retrograde cholangiopancreatography (ERCP) is an important diagnostic and therapeutic modality in diagnosing and treating innumerable pancreatobiliary pathologies [@JR1079-1] . It is a technically difficult procedure with the potential risk of several serious complications including cholangitis, pancreatitis, bleeding, and anesthesia-related cardiopulmonary complications [@JR1079-2] .

ERCP is most commonly performed with the patient in the prone position or a modified left lateral position [@BR1079-3] . These positions are preferred based upon the consideration that there is lesser aspiration risk, and intubation of the esophagus, stomach, and duodenum is relatively easy. In addition, in this position, secretions do not pool over the ampulla. Furthermore, in the prone position, the endoscopist can face the patient directly.

Some physicians perform ERCP in the supine position. The supine position has an advantage of being a technically easier position for the anesthesiologist, especially in patients who are morbidly obese or who have abdominal wounds and drains [@JR1079-4] [@JR1079-5] [@JR1079-6] . In the supine position, the endoscopist often has to face 180 degrees away from the patient as the rotation of the patient is reflected by a rotation in the endoscope, and this translates into the direction the endoscopist faces.

There is no clear consensus on which position (prone or supine) is superior for performing ERCP.

The present study is a systematic review and meta-analysis of studies reporting the comparison of technical success and safety outcomes of the two ERCP positions.

Methods
=======

Search strategy
---------------

We conducted a comprehensive search of several databases and conference proceedings including PubMed, EMBASE, and Web of Science databases (earliest inception to October 2016). The search was performed in accordance with PRISMA guidelines to identify studies. The bibliographic section of the selected articles, as well as the systematic and narrative articles on the topic were manually searched for additional relevant articles. Using the NCBI website, a MeSH search restricted to the major MeSH topics was performed using the following topics: (1) endoscopic retrograde cholangiopancreatography; (2) prone position; (3) supine position. These topics were added to the search builder and search commenced in PubMed limited to studies involving humans and published in the English language. Then similar and related articles suggested by PubMed were searched. Articles citing the searched articles were also studied.

Study selection
---------------

Studies that reported on ERCP outcomes based on patient position were included. Both prospective and retrospective studies, and manuscripts and abstracts were included. Only articles in the English literature were considered. The studies were selected by both the first and second authors.

Outcomes assessed
-----------------

The primary analysis focused on assessing the outcomes of the ERCP procedure based on patient position. The overall technical success and completion of the ERCP procedure, and complications including cardiovascular complications and post-ERCP pancreatitis (PEP) were measured and analyzed.

Statistical analysis
--------------------

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, using a predefined protocol [@JR1079-7] . We used meta-analysis techniques to calculate the pooled estimates in each effect measured, following the methods suggested by DerSimonian and Laird, and our application can be seen to fit within their general approach (where effect is measured by probability of risk) [@JR1079-8] . The 95 % prediction interval calculated for the studies assessed in our meta-analysis, which deals with dispersion of the effects, varied from -- 0.56 to 2.42.

We assessed the heterogeneity between study-specific estimates using two methods. First, Cochran's *Q* statistical test for heterogeneity was performed, which tests the null hypothesis that all studies in a meta-analysis have the same underlying magnitude of effect [@JR1079-9] . *Q* is the sum of squared deviations on a standardized scale, and the expected value of *Q* is equal to the degrees of freedom (number of studies minus 1) based on the null hypothesis. When the expected value of *Q* exceeds the degrees of freedom, the null hypothesis is rejected and variation in effects across studies is accepted to exist, indicating that there is heterogeneity. By convention, the criterion alpha for this test is 0.10 rather than 0.05 since the test typically has low power.

Second, when heterogeneity was present, in order to estimate what proportion of total variances across studies was due to heterogeneity rather than chance, the *I* ^2^ statistic was calculated [@JR1079-10] . In this, values of \< 30 %, 30 -- 60 %, 61 -- 75 %, and \> 75 % were indicative of low, moderate, substantial, and considerable heterogeneity, respectively. Once heterogeneity was noted, between-study sources of heterogeneity were investigated using sub-group analysis by stratifying original estimates according to study characteristics as described earlier. A *P* value \< 0.1 for differences between subgroups was considered to be statistically significant. Publication bias was ascertained, qualitatively, by visual inspection of funnel plots [@JR1079-11] .

All analyses were performed using Comprehensive Meta-Analysis (CMA) software, version 3 (Biostat, Englewood, New Jersey, USA).

Results
=======

Six studies reporting on 309 supine and 1415 prone ERCP procedures were identified and a summary of the studies is reported in [Table 1](#TB1079-1){ref-type="table"} . The pooled technical success rates for completion of ERCP in supine and prone positions, as described in [Table 2](#TB1079-2){ref-type="table"} , were 89.1 % (95 %CI = 80.9 -- 94.0) and 95.6 % (95 %CI = 91.5 -- 97.7), respectively. The pooled rates for complications (cardiopulmonary and PEP) in the supine position were 37.5 % (95 %CI = 19.1 -- 60.3) and 3.5 % (95 %CI = 1.6 -- 7.3), respectively. The pooled rates for complications (cardiopulmonary and PEP) in the prone position were 41.0 % (95 %CI = 20.9 -- 64.8) and 3.9 % (95 %CI = 2.4 -- 6.4), respectively. The mean times required for completion of the procedure were 30 minutes and 29.8 minutes for supine and prone positions, respectively. Adverse events secondary to ERCP in these patients are reported in [Table 3](#TB1079-3){ref-type="table"} .

###### Description of studies.

  Study                             Year   Type of study        Abstract vs. manuscript   No. of patients   Males   No. of supine ERCP   No. of prone ERCP
  --------------------------------- ------ -------------------- ------------------------- ----------------- ------- -------------------- -------------------
  Trecero et al. [@JR1079-16]       2010   Prospective          Abstract                   63               NR       28                   33
  Nijhawan et al. [@JR1079-15]      2010   Prospective cohort   Abstract                   40               NR       20                   20
  Ferreira and Baron [@JR1079-12]   2008   Retrospective        Manuscript                649               340     143                  506
  Tringali et al. [@JR1079-13]      2008   Prospective cohort   Manuscript                120               54       60                   60
  Diehl [@JR1079-14]                2006   Prospective cohort   Abstract                  784               NR       41                  779
  Terruzzi et al. [@JR1079-4]       2005   Prospective cohort   Manuscript                 34               21       17                   17

###### Technical success of procedure and duration of procedure in individual studies.

  Study                             No. of supine ERCP   Success of supine procedure   No. of prone ERCP   Success of prone procedure   Procedure time, supine   Procedure time, prone
  --------------------------------- -------------------- ----------------------------- ------------------- ---------------------------- ------------------------ -----------------------
  Diehl [@JR1079-14]                 41                   36                           779                  756                         NR                       NR
  Nijhawan et al. [@JR1079-15]       20                   18                            20                   18                         13                       15
  Tringali et al. [@JR1079-13]       60                   59                            60                   60                         23                       23
  Terruzzi et al. [@JR1079-4]        17                   12                            17                   17                         33                       29
  Ferreira and Baron [@JR1079-12]   143                  128                           506                  468                         43                       36
  Trecero et al. [@JR1079-16]        28                   26                            33                   33                         38                       46
  Total                             309                  279                           1415                1352                                                  

###### Adverse events in individual studies.

  Study                             No. of supine procedures   Cardio respiratory complications, supine   PEP,supine   No. of prone procedures   Cardio respiratory complications, prone   PEP, prone
  --------------------------------- -------------------------- ------------------------------------------ ------------ ------------------------- ----------------------------------------- ------------
  Diehl [@JR1079-14]                 41                        NR                                         NR            779                      NR                                        NR
  Nijhawan et al. [@JR1079-15]       20                        None                                       2              20                      none                                       2
  Tringali et al. [@JR1079-13]       60                        14                                         1              60                       15                                        1
  Terruzzi et al. [@JR1079-4]        17                         7                                         1              17                        1                                        1
  Ferreira and Baron [@JR1079-12]   143                        60                                         2             506                      356                                       16
  Trecero et al. [@JR1079-16]        28                        13                                         1              33                       18                                        2
  Total                             309                                                                                1415                                                                

In the statistical analysis, substantial heterogeneity was noted. The *Q* value was 39.7, which is substantially higher than the degrees of freedom of 11. The *I* ^2^ statistic revealed a value of 72.3, which indicates that the proportion of variance across studies due to heterogeneity, rather than chance, was 72.3 %. As we used a random effects model in our meta-analysis, the 95 % prediction interval, which deals with dispersion of the effects, varied from -- 0.056 to 2.42.

[Fig. 1](#FI1079-1){ref-type="fig"} presents a funnel plot for the studies. Our analysis treated each supine and each prone data as individual entities and hence the 12 data points on the funnel plot for a total of six studies. Based on the funnel plot, we observe that these data points are not symmetrical about the mean, and hence there is a possibility of publication bias. Statistically, we can say that this is more likely due to differences in study and effect size, and inconsistencies of the same across the studies. We can also infer from the plot that there is a possibility of bias based on the position itself.

![ Funnel plot graph showing publication bias.](10-1055-a-0603-3302-i1079ei1){#FI1079-1}

Overall, we know that the literature is limited in the assessment of ERCP success for the supine vs. prone position, and a publication bias, if any, is going to be negligible; however, statistically, the possibility of a publication bias cannot be ruled out.

[Fig. 2](#FI1079-2){ref-type="fig"} presents a forest plot of technical success rate in the studies.

![ Forest plot of technical success rate in the studies.](10-1055-a-0603-3302-i1079ei2){#FI1079-2}

Discussion
==========

As described previously in the Results section, the technical success rates are higher in the prone position at 95.6 % with a tighter confidence interval compared to 89.1 % in the supine position with a much wider confidence interval. This difference of almost 7 % translates into a clinically significant difference. Our subgroup analysis also showed similar rates of cardiopulmonary and post-ERCP pancreatitis (PEP) complications and very similar mean times required for the completion of procedures in both the supine and prone positions. Hence, our data favor the prone position for a higher technical success rate.

There have been various studies done in the past to evaluate the ERCP outcomes in terms of success rate and complications with patient position as the determinant. Most of the studies have shown very similar technical success rates in the supine and prone positions [@JR1079-12] [@JR1079-13] . Notably, the study by Terruzzi et al. did show a lower successful cannulation rate of 70 % in ERCP in patients in the supine position compared to 100 % seen in patients undergoing ERCP in the prone position which almost reached a statistically significant difference with a *P* value of 0.52 [@JR1079-4] . Success rates in the supine position were also significantly lower in the study by Terruzzi et al. than those described in our meta-analysis (70 % vs. 89.1 %). This can possibly be explained by the limited experience of endoscopists performing procedures in the supine position. Another study by Diehl showed a statistically significantly higher technical success rate in the prone position (95.6 %) compared to the supine position (88 %) [@JR1079-14] .

A prospective study by Tringali et al. with 120 patients had an overall success rate of 99.2 % with just one patient in the supine group failing the first-time cannulation due to neoplastic invasion of the duodenal wall [@JR1079-13] . The endoscopists in that study also routinely performed more than 10 % of their procedures in the supine position compared to Terruzzi et al. with less than 5 % supine position procedures [@JR1079-4] [@JR1079-13] . Another study by Ferreira and Baron with the largest group of ERCPs in the supine position (143) again demonstrated a very similar technical success rate in supine (90.2 %) and prone (92.5 %) positions [@JR1079-12] . There was a small difference in success rate favoring the prone position even in that study with a larger supine group, and indeed, there was an overall trend in the data of the studies mentioned favoring the prone position with regard to technical success.

The mean duration of procedures in our meta-analysis was 30 minutes in the supine position and 29.8 minutes in the prone position. The mean duration of procedures was only slightly lower in the prone position. The study by Ferreira and Baron showed a higher mean procedure time of 43 minutes in the supine position vs. 36 minutes in the prone position but the difference was not statistically significant [@JR1079-12] . Their data also favor the prone position since the mean time spent was higher for the supine position even though the technical success rate was slightly lower. The study by Terruzzi et al. showed similar time differences favoring the prone position (33.4 minutes vs. 29.4 minutes) which were close to the outcomes of our data. The mean duration of procedures was 23 minutes for both supine and prone positions in the study by Tringali et al. [@JR1079-13] . The procedure times described by Nijhawan et al. were 13 ± 4 minutes in the supine position and 15 ± 5 minutes in the prone position which were lower than the rates in our meta-analysis but there was no detailed procedural description to ascertain the reason for the lower procedure times [@JR1079-15] . Trecero et al. also described a lower procedure time in supine patients (38 minutes) than in prone patients (46 minutes) but the difference did not reach statistical significance [@JR1079-16] .

Adverse events were divided into cardiopulmonary complications and post-ERCP pancreatitis (PEP). In our analysis, the rates of cardiopulmonary complications were 37.5 % in supine and 41 % in prone positions. A difference of 3.5 % might prove to be a clinically significant difference looking at the ever-increasing number of ERCPs that are currently being performed. In the study by Ferreira and Baron, the complication rates were 75 % in the supine position and 70 % in the prone position with no statistically significant difference between them [@JR1079-12] . They had a lower threshold for describing the cardiopulmonary complications, which can potentially explain the higher rates of complications. Terruzzi et al. described the cardiopulmonary complications to be statistically significantly higher in patients in the supine position at 41 % vs. patients in the prone position at 6 % [@JR1079-4] . The threshold used to describe a cardiopulmonary complication was high, hence, the lower overall rates of complications compared to Ferreira and Baron [@JR1079-12] . These two studies are outliers when compared to the other studies.

The other adverse event included in our meta-analysis, PEP, had similar complication rates in the supine (3.5 %) and prone positions (3.9 %). Even though the actual rate of PEP is lower by 0.4 % in the supine position it has a wider 95 %CI of 1.6 -- 7.3 % compared to 2.4 -- 6.4 % in the prone position. This demonstrates that the concern for PEP should not be a limiting factor for choosing one position over the other.

The prone and left lateral decubitus positions have traditionally been the preferred positions for performing ERCP based upon the consideration that there is a lower aspiration risk and relatively easy intubation of the esophagus [@JR1079-4] [@JR1079-5] [@JR1079-15] . For intubated patients under general anesthesia, some anesthesiologists prefer the supine position because of ease of monitoring [@JR1079-4] . It is also a comfortable position for the patient. Continuous oral suction in the supine position can help to reduce the risk of aspiration [@JR1079-12] . The supine position is also favored by the patient and anesthesiologist in certain conditions when the patients are morbidly obese, have abdominal wounds, drains, percutaneous gastrostomy or jejunostomy tubes. Patients with altered anatomy such as hilar biliary strictures, previous Billroth II gastrectomy or pancreatic duct anatomy which is already known to be difficult to interpret are also preferred for supine position ERCP [@JR1079-4] [@JR1079-5] [@JR1079-13] .

Some of the practical hindrances for performing supine position ERCP have been the orientation of the camera in the scopes requiring the endoscopist to face away from the patient. The pooling of secretions in the duodenum in the supine position hinders visualization of the papilla making the procedure more difficult. For obvious reasons, the supine position is comfortable for the patient and anesthesiologist whereas the prone position is comfortable for the endoscopist thereby increasing the technical success and shortening the duration of the procedure. This fact is proven by the data from our meta-analysis. Some of the reasons for better technical success in the prone position can be explained by the fact that most endoscopists learn to perform ERCP in the prone position and are more comfortable performing ERCPs in this position thereby facilitating effective cannulation of the papilla and obtaining quality radiographs [@JR1079-5] .

We acknowledge the limitations in the current meta-analysis. First, substantial heterogeneity was noted in the analysis due to the different sizes of the studies included. Second, there were only six studies that could be included in our meta-analysis.

In conclusion, the results of our meta-analysis highlight the fact that prone position ERCP is favorable with a slightly higher technical success rate, slightly lower mean duration of the procedure, but a higher adverse event rate. The decision with regard to the position of the patient should be made after carefully evaluating the overall clinical scenario, patient comfort, the endoscopist's experience, and the slightly higher technical success rate for prone position ERCP.
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